I. Introduction
Memantine hydrochloride is the first in a novel class of Alzheimer's disease medications acting on the glutamatergic system by blocking NMDA receptors. Eli Lilly and Company first synthesized it in 1968 as a potential agent to treat diabetes; the NMDA activity was discovered in the 1980s. MEM is an uncompetitive, moderate affinity N-methyl-D-aspartate (NMDA) receptor antagonist used for treating patients with moderate to severe Alzheimer's disease. The chemical name is 1-amino-3, 5-dimethyladamantane hydrochloride (CAS: 41100-52-1, C 12 H 21 N•HCl and M.W. = 215.77, Scheme 1). It is believed that over stimulation of nerve cells by glutamate may be responsible for the degeneration of nerves in some neurological diseases such as Alzheimer's disease. Memantine hydrochloride is commercially available in the market because it is likely to show neuroprotective effect at a concentration used in the treatment of Alzheimer's disease and to slow down disease progression [1] [2] [3] [4] [5] .
Scheme 1. Structure of memantine hydrochloride (MEM).
Stability indicating high performance liquid chromatographic method coupled with ultra violet detection has been applied in the determination of MEM in bulk. [6] High performance liquid chromatographic methods coupled with fluorescence detection have been reported in the literature for the quantification of MEM in rat plasma, [7, 8] human plasma. [9] [10] [11] Determination of memantine in human plasma by liquid chromatography with mass spectrometry (LC-MS), [12] [13] [14] [15] gas chromatography with mass spectrometry (GC-MS) [16] and micellar electro kinetic chromatography (MEKC) [17] , extractive-Spectrophotometric [18] oxidation-reduction reaction-spectrophotometric [19] or Potentiometrically [20, 21] .
Though the above-mentioned chromatographic methods are sensitive, they are not suitable for routine analysis of the MEM in quality control laboratories. The methods suffer from one or more drawbacks such as expensive instrumentation, tedious extraction procedures, time consumption, complex and derivatization of the drug with suitable chromophores or fluorophores. Especially in developing countries, spectrophotometric method has generally been the method of choice for routine analysis in quality control laboratories. The spectrophotometric method is simpler, rapid, sensitive, selective and inexpensive. Spectrophotometric methods were reported [22, 23] .
Ninhydrin (2, 2-Dihydroxyindane-1,3-dione) is a chemical used to detect ammonia or primary and secondary amines. When reacting with these free amines, a deep blue or purple color known as Ruhemann's purple is evolved [24, 25] . Ninhydrin is known to yield a complex, which are applied in the determination of many pharmaceutical compounds [26] [27] [28] [29] [30] [31] [32] [33] [34] .
The present work aims to present two simple, rapid and sensitive method for the determination of MEM in pure form and in their pharmaceutical preparations and can be used for the quality control and assurance of these drugs in industry. The method A is based on the reaction of the drug with ninhydrin in N,N′-dimethylformamide (DMF) medium and heated on a water bath at 80±2 o C for 5 min, cooled to room temperature, and measuring the increase in absorbance at 595 nm. In second method (B) MEM was reacted with ferric chloride solution, yellowish orange colored chromogen showed λ max at 375 nm, These methods are very simple in application and less expensive in comparison to the above mentioned techniques, at the same time offering a high degree of accuracy and precision when compared to the pharmacopoeia method and biological samples. 
II. Material And Methods

Apparatus
All the spectral measurement were made using double-beam UV/Vis spectrophotometer (Biotech Engineering Ltd., UK), with wavelength range 190-1100 nm, spectral bandwidth 2.0 nm, with scanning speed 400 nm/min, equipped with 10 mm matched quartz cells. A thermostat water bath, Buchi 461 water bath, Schwiz (France) was used to carry out the temperature studies and Magnetic Mix. 100, Thermo Scientific, UK.
Reagents and materials
All chemicals used were of analytical grade and all solutions were freshly prepared in doubly distilled water.
(1) Pure memantine HCl bulk powder, its purity was found to be 100.29±0.76 (n=5) according to the HPLC procedures which obtained from Egyptian Organization for Control and Pharmaceutical Research -Egypt. Memantine HCl working solution prepared by dissolving 0.01 g of pure MEM in 50 mL of bidistilled water and complete to 100 mL with bidistilled water to obtain the working standard solution of concentration 100 μg/mL. with DMF. The absorbance of the complex product was measured at the recommended λ max 595 nm, against a reagent blank prepared in the same manner without addition of the drug.
Method B
Different aliquots (0.3-9.7 μg/mL) of MEM were transferred into a series of 25 mL volumetric flasks. To each flask, 3.0 mL of 1% ferric chloride solution was added, and remain 5 min at room temperature. The yellowish orange color was measured at 375 nm against reagent blank at room temperature.
Procedure for tablets
Twenty tablets were weighed and ground into a fine powder. A portion of the powder equivalent to 10 mg of MEM was accurately weighed into a 100 mL calibrated flask, 60 mL of water was added and the contents were shaken thoroughly for about 20 min to extract the drug. The contents were diluted to the mark, mixed well and filtered using a quantitative filter paper to remove insoluble residue. The filtrate containing 100 μg/mL of MEM was diluted stepwise to obtain 10 μg/mL, and an appropriate aliquot was subjected to analysis by spectrophotometry using the procedures described above.
Spiked plasma samples
Aliquots of 1.0 mL of plasma were spiked with different concentration levels of MEM. The spiked plasma samples were treated with 0.1 mL of 70% perchloric acid and vortexed for 1.0 min. The samples were centrifuged for 20 min at 13000 rpm. The supernatants were transferred into test tubes and neutralized with 1.0 M NaOH solution.
IV. Results And Discussion
Ninhydrin (2, 2-Dihydroxyindane-1, 3-Dione) is a chemical used to detect ammonia or primary and secondary amines. When reacting with these free amines, a deep blue or purple color known as Ruhemann's purple is produced. Ninhydrin is a well-established reagent for the determination of certain amines, amino acids and thiophenes [35] MEM does not absorb above 250 nm, therefore derivatization with ninhydrin and ferric chloride was carried out to increase the spectrophotometric sensitivity with bathochromic shift to visible region. In MEM primary amine, reacts with ninhydrin (1%) to produce a blue colored product, which absorbs maximally at 595 nm. Under the specified experimental conditions. Similarly, MEM reacts with ferric chloride solution (1%) at room temperature (25 o C) for 5 min and gives a yellowish complex with absorbance at 375 nm. There is no report in literature on the interaction of MEM with iron.
Method A
The use of the ninhydrin for the detection and quantitative estimation of amino acids and imino acids depends on the formation of Ruhemann's purple [36] . The primary amino group of MEM reacted with 2-hydroxyindan-1,3-dione in alkaline medium to form the amino compound which condensed with ninhydrin to give diketohydrindylidene-diketohydrindamine (Scheme 3), which interacts with amino group of the drug resulting in the formation of a blue colored product (Ruhemann's purple) which absorbed maximally at 595 nm.
Several parameters such as heating time and reagent concentration were optimized to achieve high sensitivity, stability, low blank reading and reproducible results. 
Effect of heating time
The optimum reaction time was determined by heating the reaction mixture on water bath at 80 ±2 o C, that complete color development was attained after 5 min of the heating and remained constant up to 30 min. Therefore, the optimum heating time was fixed at about 5 min throughout the experiment. 
Effect of the reagent concentration
The effect of the ninhydrin concentration on the color development was investigated using different volumes (0.1-3.0 mL) of 1% ninhydrin were added to a fixed amount of MEM (10 µg/mL). The results are presented in Fig. 1 , showing that the highest and most stable absorbance was obtained after addition of 2.0 mL of 1% ninhydrin. A 2.0 mL of the reagent was used as an optimum value for color development. 
Method B
The reaction between MEM and ferric chloride in water resulted in the formation of yellowish orange colored complex. To optimize the reaction conditions, different parameters such as temperature, reaction time, reagent concentration and color stability have been investigated. It was observed that the reaction occurred at room temperature (25±2 o C). The optimum reaction time to develop maximum color was obtained in 5 minute at room temperature. The effect of the ferric chloride concentration on color development was investigated using 1.0-4.0 mL of 1% ferric chloride. Absorbance remained constant after addition of 3 mL of 1% ferric chloride. Hence, the later concentration was adopted as the most suitable volume for maximum absorbance (Fig.  1) .
Optical characteristics and statistical data for the regression equation of the proposed method are given in Table 1 . Under optimum experimental condition, the values of slope of the regression equations of the proposed method indicate good sensitivity. The values of standard deviation and correlation coefficient obtained for regression equation exhibited good linearity of the method. To check the precision as well as accuracy of the proposed method, independent repeatability studies were performed with six repetitions (Table 2) . High recovery and low standard deviation confirmed the suitability of the proposed method.
Interference
The effects of the common excipients that often accompany the studied drug (MEM) in various pharmaceutical dosage forms (commercial tablets) were tested for possible interference in the assay. An attractive feature of the procedure is its relative freedom from interference by the usual tablets diluents and excipients such as glucose, lactose, fructose and magnesium stearate. The common excipients present in injection formulations did not interfere in the determination of MEM.
V. Analytical Data
Beer's law was verified up to (0. 4-19. 3) µg/mL and (0.3-9.7) µg/mL of MEM with ninhydrin and ferric chloride, respectively (Fig. 2) . The molar absorptivity (ε) calculated and found to be 1.12 ×10 4 L/mol.cm and 1.73×10 4 L/mol.cm using ninhydrin and ferric chloride, respectively, indicating high sensitivity of the reagents under investigations for the determination of MEM. The regression equations (A = a+bC) where A = absorbance, a = intercept, b = slope and C = concentration in µg/mL), calculated from the calibration graph, were evaluated and recorded in Table 1 . The intercept of the lines were very small indicating that there is no systematic difference between determined and expected concentration within the investigated rang using the present method. For more accurate results, Ringbom concentration range was determined by plotting log [drug] in µg/mL against % transmittance from which the linear portion of the curve gave accurate range for the determination of the drug under investigation Table 1 . Statistical analysis of the results obtained, indicated that the proposed methods were accurate and precise. The limits of detection (LOD) and limits of quantitation (LOQ) were determined [37] using the formula:
Where κ = 3 for LOD and 10 for LOQ, SD a is the standard deviation of the intercept, and b is the slope. The limits of detection (K=/3) and of quantitation (K=/10) were established according to IUPAC definitions [38] . Based on the basis of six replicate measurements, the limit of detection was 0.011 μg/mL, 0.014 μg/mL and the limit of quantification was 0.037 μg/mL, 0.047 μg/mL for method A and B respectively. Both LOD and LOQ values confirmed the sensitivity of the proposed methods. In order to determine the accuracy and precision of the present method, solutions containing five different concentrations of drug were prepared and six replicate determinations, converting the usable concentration range, were carried out for the pure form and the pharmaceutical of the drugs under investigation. The recovery values almost reach 100% recovery, revealing a high accuracy of the results Table 2 . 
Applications
The proposed method was successfully applied to determine MEM in its dosage forms in spiked serum plasma. The accuracy of the proposed methods was evaluated by applying standard addition technique, in which variable amounts of the drug were added to the previously analyzed portion of pharmaceutical preparations and in spiked serum plasma samples. The validity of the present method was tested by standard addition method. For this purpose, solutions containing three different concentrations of MEM were prepared by adding a known amount of pure drug to the pre-analyzed commercial dosage forms and determined in six replicates. The results are summarized in Table 3 .
Analysis of dosage forms
The obtained satisfactory validation results made the proposed methods suitable for the routine quality control analysis of MEM and its dosage forms pharmaceutical formulations (Alzmenda and Memexa 10 mg/tablet). The results obtained by the proposed methods were statistically compared with those obtained by the official pharmacopoeia method [39] . In the t-and F-tests, no significant differences were found between the calculated and theoretical values of both the proposed and the reported methods at 95% confidence level [40] level as recorded in Table 4 . This indicated similar precision and accuracy in the analysis of MEM in its formulations. It is evident from the results that all the proposed methods are applicable to the analysis of MEM in its tablets with comparable analytical performance. However, the critical recommendations of these methods might be based on the experimental conditions and the ultimate sensitivity that determines the amount of specimen required for analysis. This indicates the high accuracy and precision of the present method. 
Analysis of spiked plasma samples
The high sensitivity attained by the proposed methods allows the determination of MEM, in biological fluids. The method was used to determine the amount of MEM in a healthy male 12 h after an intake of one tablet of MEM, which contains 10 mg MEM, was detected and the results were summarized in Table 3 . The calculated standard deviations are compared with those obtained by the pharmacopoeia method of MEM [39] . 
VI. Conclusions
The proposed methods for the estimation of MEM using ninhydrin and ferric chloride are advantageous over many of the reported methods, due to its sensitivity, rapidity and good agreement with the pharmacopoeia methods. The high recovery percentage and lows relative standard deviation reflect the high accuracy and precision of the proposed method. Moreover, the method is easy, applicable to wide ranges of concentration, beside less time consuming and depend on simple reagents, which are available. This offering economic and acceptable method for the routine determination of the cited drug, Beer's law up to 0.3 µg/mL. So it is recommended for the routine determination in pure samples and in their pharmaceutical formulations.
